Interaction of phorbol ester and adrenocorticotropin in the regulation of steroidogenic P450 genes in human fetal and adult adrenal cell cultures.
The role of protein kinase-C-dependent mechanisms in steroidogenic enzyme gene expression was studied in primary cultures of human fetal and adult adrenals. Cells were first cultured for 7-10 days and then stimulated with ACTH or 12-O-tetradecanoyl phorbol-13-acetate (TPA), a protein kinase-C activator, for 1-2 days. Cytoplasmic RNA was extracted and analyzed by Northern and dot blotting with 32P-labeled cDNA probes for P450scc (cholesterol side-chain cleavage enzyme/20,22-desmolase), P450c17 (17 alpha-hydroxylase/17,20-lyase), and P450c21 (21-hydroxylase); for P450c11 (11 beta-hydroxylase/18-hydroxylase/18-methyl oxidase), a 30-mer oligonucleotide was used as a probe. ACTH (200 ng/ml) increased the accumulation of all of the studied steroidogenic enzyme mRNAs in both fetal and adult cultures by several-fold. TPA inhibited this accumulation in a dose-dependent manner (0.01-100 ng/ml), whereas the inactive phorbol ester 4 alpha-phorbol-12,13-didecanoate was without effect. On the other hand, in the absence of ACTH, TPA slightly increased all steroidogenic P450 mRNAs in adult cultures. In fetal cultures TPA slightly increased P450scc, P450c11, and P450c21 mRNA levels, whereas it decreased P450c17 mRNA. (Bu)2cAMP and cholera toxin increased steroidogenic enzyme mRNAs such as ACTH. TPA down-regulated (Bu)2cAMP- and cholera toxin-induced P450mRNAs in the same way as ACTH-induced mRNAs. The secretion of ACTH-stimulated cortisol, dehydroepiandrosterone sulfate, and aldosterone was decreased by TPA in both fetal and adult cultures. The basal steroid production was slightly increased by TPA in both culture types. The changes in steroid production correlated well with the alterations in the steroidogenic enzyme gene expression. Our results show that the inhibitory effect of TPA on ACTH-stimulated adrenal steroidogenesis is mediated at the mRNA level of steroidogenic enzymes. Thus, it seems likely that both protein kinase-C- and cAMP-dependent mechanisms are involved in the long term maintenance of steroidogenic enzymes and hormone production in adrenocortical cells.